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Summary

The change in the price of energy has encouraged the increase of energy efficiency. This report will discuss a

tool to promote energy efficiency in intelligent buildings, energy management control systems (EMCS). In

addition to the online control of energy production, supply, and consumption, the function of the EMCS is to

support short- and long-term planning of the system operation as well as to collect, store, and regularly evaluate

operation data. The strategies behind planning and implementing the EMCS as well as the manipulating the

resulting data are discussed in this report.

Introduction

In order to be classified as an intelligent building, four practices must be implemented: energy efficiency,

lifesafety systems, telecommunication systems, and workplace automation. This report addresses one of these

practices, energy efficiency. The installation of energy monitoring systems, computerized systems that document

and control energy consumption and reduction, is a requirement for intelligent buildings.

Intelligence with respect to energy management in an intelligent building is known by many names; however,
this report will discuss the most commonly known, energy management control systems (EMCS). All energy-

producing systems, suppliers, and consumers can be divided into subsystems. The function of EMCS is to provide

the online control of these individual systems, collection of operation data, storage and evaluation of operation

data, support of the short- and long-term system planning, and ultimately reduction of the energy cost.

This report describes the following:

1. EMCS planning strategy

2. Preparation of the EMCS
3. Path of information flow

4. Implementation of the EMCS

5. Expected results
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Practices of the EMCS

Planning Strategy

The first step of the EMCS is data collection, and this may happen either manually or electronically. Modem

systems allow for remote operation and processing. There are systems under development that apply to the

operation diagnostic model (fig. 1) as the basis for operation simulation to help the design and evaluation of the

data collection method. Within the EMCS framework, the data collecting and processing control occurs in three

steps:

1. Design

2. Operation implementation

3. Verification, analysis, and evaluation of results
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Theimplementationofthesestepscanbefurtherclassifiedbasedupontheirtimeduration:

1.Operationplanningandpreparation
Shortterm(daily,weekly)
Longterm(monthly,yearly)

2.Onlinecontrol(minutes,hours,days)
Onlinecontroloftheoperationandmonitoringofthecontrolprocessinrealtime
Determinationofaneconomicoperationbasedonmodelingandoptimization(consultingactivities)
of amoresophisticatedcontrol

3.Operationassessment
Shortterm(assessmentofdailyandweeklyoperation)
Longterm(technicaloperationandeconomicalevaluationaswellasspecificheatingcomparison,
monthlyandyearly)

Energymanagementcanbemademoreefficientbymeansof anenergyconsumptionevaluation.First,a
consumerpreparesaplannedenergyconsumptionevaluationbasedontheirrequirementsandtheefficiencyofthe
equipmentinvolved.Thenacomparisonwithactualusagecanbemadebyreviewingtheappropriatedocuments.

Themainstepsinevaluatingenergyconsumptionare(1)surveytheenergyusagemeasurementsystemand
actualenergyusage,(2)evaluatetheproductionindicators(i.e.,productionquantitiesbythepieceandheating
and/orcoolingrequiredeachday)thataddspecificvaluestotheenergyusage,(3)comparetheprojectedand
actualenergyusage,(4)establishgoalsandmethodstoachievethembasedonfactorsthatdetermineenergy
usage,and(5)implementmeasurestoreduceenergyconsumption.

It isbeneficialtoincreasetheenergyknowledgeofcoworkersinordertomotivateanddirecttheseactivities
towardestablishingenergysavings.Thiscanbeaccomplishedeitheratnocostorataverylowcostinvestment.

Consideringthattheflowof energyiscontinuousduringproduction,theenergyassessmentofthelastperiod
inconjunctionwiththepreparationforthenextperiodcanbeimplementedsimultaneouslywithanonlinecontrol
ofoperation.Thisactivityislinkedtothedevelopment,application,andactualizationof databanksforthethree
stagesofcontrol.

Inadditiontothedatarelatingtotheoperationthatchangewithtime,thedatabankcontainspermanent(fixed)
dataregardingthetechnicalinformationofthefacilityandtheequipment.

Preparation of the EMCS

To prepare an EMCS, it is essential to know the expected expenses and estimated benefits and yields. The

method used to establish the control of the expenses will depend to a great extent on the plant supervision and

on the number ofmeasuxement parameters (variables). This latter factor impacts upper management such that

they should encourage the involvement of the employees by making sure the personnel are acquainted with the

desired objectives and by obtaining their opinions and suggestions to accomplish the desired goals.

In order to have a successful EMCS, it is necessary to understand what the building conditions are so that

implementation of the control system is a realistic possibility. The goals must be attainable, and the methods to
achieve them, feasible.

Requirements for a successful installation of an EMCS are

1. Prepare a list of expenses and the expected estimated yields and benefits.

2. Establish the importance of the design procedure, acceptable to the company's management.

3. Establish a list of activities with time limits, and prepare a cost budget.

4. Prepare a list of personnel and designers who will implement the process.

5. Determine areas of energy usage.
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6.Establishmeasurementandinstrumentlocations(energyconsumptionmetersandproductionquantity
meterssuchascounters).

7.Determineandimplementmeasurementanddatacollectionprocesses(manualorelectronic).
8.Establishamethodtoprocessandanalyzedata,allowingforevaluationofthedata'svalidity.

Cost Estimates

Prepare a cost estimate that considers the following:

Service structure.-- The measuring system should record the estimated cost of the structure of the
distribution and also the cost breakdown (heating, cooling, electrical energy, etc.).

To accomplish this, the base cost is estimated based on earlier accounts, the measuring points of consumption
should be identified in blueprints, and these measurements of consumption in a specific area should be
meaningful.

Areas of consumption can be grouped as follows: large individual consumers, including boilers, furnaces,
and dryers; low-usage consumers with small energy demand units; and consuming systems, including heating or

cooling systems.

Survey of producing plants.-- To have a more meaningful basic value, consider the energy usage in relation
to production quantities using the degree day for such processes as heating or cooling.

Selection of areas of energy usage.--The areas of energy usage to be monitored should be chosen with the
cooperation of the production supervisor and associated energy team members.

The decisionmaking shall be based on the following:

• Consumption must be able to be measured.

• Measuring devices must show the expected energy savings.

• Measurement of energy usage should be handled by appropriate, responsible personnel.

• The specific volume pertaining to a specific area of production must be able to be guaranteed.

• The company's accounting structure should be able to integrate the areas of energy usage.

Establishment of secondary measurement locations.----After the installation of the measuring instruments,

it may be discovered that additional measurements and instruments are required for data collection. The actual
location of these devices will require the uniform approval of the management. The implementation of these

additional devices should only take place if the savings cover the expenses.
Data collection.-----Collection must be performed within the defined time period. (The risks of extensive or

limited data collection must be kept in mind.) Punctual data recording and evaluation are also to be considered.

The information to be collected must warrant the associated cost. The selection of evaluation cycles (daily,
weekly, or monthly) depends upon the technology and quality of the monitoring system.

The four methods of collecting data are

1. Agree on an accounting method (for example, monthly). This method is too superficial for analyzing and

correcting data.

2. Enter hand-gathered data shown on the preprinted forms into the computer. This method of

data collection is the simplest and most economical way to introduce and implement at the beginning of

the application of the EMCS. This method can serve as the basis for preparing a more expensive method

and also for verifying the system operation. The data entered can be verified more accurately against more

inaccuracies by using a computer software program.

3. Gather data electronically. The data would be automatically fed into the analysis program; this reduces

the errors involved with manually reading data into the computer.

4. Employ a built-in automatic data collecting system. The biggest drawback in this up-to-date solution is

the high cost and the time required for installation. The most important advantage is the elimination of the human
error.
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Data evaluation.--The evaluation of consumption and production data is done by computer software. A
good quality software package will have the capacity to handle large amount of data, be user friendly, and provide
simple solutions for plant additions and modifications. It will be able to verify and reject data. The software

should also have appropriate graphics, and the results should be easy to understand on the monitor screen and
in printed form. It will present the data in tabular form, yet have the flexibility to utilize different methods to

analyze the entered data.

Implementation of the EMCS.--The EMCS implementation involves expenses. The expected expenses
should be considered initially in the design stage.

Information Flow

The information flows from the measuring points to the data gathering system (fig. 2), which forwards the

information through different processes that analyze the data and prepare the reports required at different

management levels.

Information Sources

A continuous monitoring system must manage the information it receives from the data collection instruments

(continuous measurement and indicating devices) such that it provides true, meaningful information. Information

can originate not only from energy systems, but also from external sources. These can be weather forecasts and

other parameters as well as data from expected operating conditions.

Information Processing

Data eolleetion.--The EMCS requires the continuous selection of typical characteristics like the

determination parameter control and adjustments to the Digital Data Control (DDC) online control. Additional
tasks are to maintain daily logs of events and disturbances (mechanical and electrical) in the system as well as the

status viewed from the operator's monitoring working station.
Although data evaluation belongs in a different task group, in the case of measurements it is possible that the

data need to be looked at before they are accepted. The well-informed plant expert has an advantage over

automatic remotely installed measuring devices in that he can perform the first step of evaluation and possibly

notice any erroneous data. Programmable measuring devices can be used to complete the task, but a more

advanced application involving an error-correcting algorithm makes it possible for an instantaneous

comprehensive examination and validation of all known data. A well-designed data base is needed to accept

all measured data and to record analysis methods. Future demands must be kept in mind when designing the

data base: For example, provisions shall be made for continuous improvements to the storage files.

Data analysis.--The calculations and the preparation of reports are fundamental elements of the EMCS.
Complete efficiency of an individual installation can be determined from the preparation of energy and expenses

balance sheets. Calculations of the expenses incurred between the energy supplier and the consumer also belong
here. The success of the selection of the initial established goals can be determined from the analysis of the

operation. The conclusions of each analysis can be taken into consideration for the online control algorithm or
determination of decisionmaking goals.
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Theprincipaluseroftheinformationoriginatingfromtheoperationanalysisisnottheactualoperation
personnelbutthemanagement.Thedecisionofhowthisinformationisgoingtobeusedwill bemadebythe
management.Thehigherthelevelthereportreaches,themoreexpensiveit gets,andthelongerthetimethatis
involved.Thisshouldbeemphasizedtoallmanagementlevelstowhomthereportsareintendedandshouldbe
doneatthetimethereportisputtogether.

Energy system
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Figure 2.--Information flow in system.

Implementation of the EMCS

Determination of Basic Usage

Each EMCS needs to establish a standard measurement technique when planning a monitoring system in the

plant for providing actual energy usage data. (Base this on 10 to 15 weeks of data collecting.) This can happen

as follows: (1) The EMCS can select the analysis methods to determine the energy consumption (including

continuous analysis and regression analysis), (2) The changes in consumption and input data can be a function

associated with a mathematical expression, and (3) The consumption (monthly or yearly) needs to be

systematically verified and updated.

Establishment of the Target Value

One of the functions of the EMCS is to allow the establishment of target values: Once a cycle of data

collection and analysis has been completed, it is clearer as to what an achievable goal might be. A meaningful
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goalcouldbethereductionof energyusagebyanaverageof 30percent.Thisisoftenagoalthatcanbeattained.
Thedecisiontousethemethodof continuousanalysistoanalyzethedatawill helpachievethisvalue.Itwill then
benecessarytopayattentiontothesignificantinfluencingparametersimpactingenergyconsumption.Thisvalue
shouldbecomparedoftenwiththeactualvalues.

Theconsumptionandoperationdatafromanearlierperiod(orfrommathematicalmodels)determinethe
targetvaluefunction,which,inturn,canhelpcomparetheactualoperationaldatawiththebasedataandcreate
thegraphicalrepresentation.

Concluding Remarks

Results from implementation of an EMCS are expected to be observed in performance management as well as

in energy reduction.

Performance Management

Performance management is a means to provide immediate energy cost reduction. The purpose is to reduce

the peak demand performance with the help of operation planning and a monitoring system. The operation is

controlled with the help of the monitoring system so that the peak energy remains below the designed and

contracted performance.

In the course of planning the performance, the energy producer can reduce the equipment and installation

time of the distribution system. In the case of existing generation plants that already have higher capacities built

in, adding new energy sources can be avoided by applying proper performance management. The energy expenses

can be reduced from the agreed contract amount to a significant extent. This in turns reduces the performance
cost.

Energy Reduction

The processing of the operation data and its evaluation will serve as the basis to draft fuxther control methods.

The records of energy usage and corresponding expenses will enable new energy savings ideas to be developed;

the documented information, including procedures and results, gives a clear picture of the current status of

operation; and the achieved savings serve as an example for futuxe energy-saving endeavors.

In addition to energy management, EMCS can also help determine the specific cost of production (in many

cases the production cost plays a role in the energy expenses) as well as reduce failures, time interruptions (small

errors such as poor air quality or wear of the steam distribution system can be immediately noticed), and the use

of auxiliary materials.
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